A Gram-staining-positive, catalase-positive, oxidase-negative, facultatively anaerobic, rodshaped bacterium designated strain DCY88 
The genus Paenibacillus, which belongs to the family Paenibacillaceae, is a group of bacilli that was described by Ash et al. (1993) , and its description was emended by Shida et al. (1997a) . Species of the genus Paenibacillus are either Gram-stain-positive or variable, facultatively anaerobic or strictly aerobic, produce ellipsoidal endospores, and are non-pigmented, rod-shaped and motile, with a DNA G+C content of 40 to 54 mol% (Ash et al., 1993; Shida et al., 1997a,b; Slepecky & Hemphill, 1992; Claus & Berkeley, 1986 ). Members of the genus are widespread microorganisms commonly isolated from various sources, including the rhizosphere of trees (Jiang et al., 2015; Jin et al., 2011b) , c-irradiated Antarctic soil (Dsouza et al., 2014) , duckweed (Kittiwongwattana & Thawai, 2015) , nodules of Lupinus albus (Carro et al., 2014) , tidal flats (Wang et al., 2012) , water springs (Tang et al., 2011) , rice seeds (Liu et al., 2010) , iron mineral soil (Cao et al., 2015) and necrotic wounds (Glaeser et al., 2013) . The cell wall peptidoglycan of members of the genus Paenibacillus is meso-diaminopimelic acid, and menaquinone-7 (MK-7) is the predominant menaquinone. Diphosphatidylglycerol is the major polar lipid in all the members of the genus Paenibacillus for which polar lipid data are available (Yao et al., 2014) . The predominant cellular fatty acid is anteiso-C 15 : 0 (Ludwig et al., 2009) . The species of this genus are very important from an industrial and economic point of view (Slepecky & Hemphill, 1992) .
Magnolia flowers are used for oriental medicinal purposes, under the name of magnoliae flos (Sin-ii) in Korea and China. Herbal magnoliae flos contains citral, eugenol, chavicol methyl ether, pinene and capric acid. The flowers are spicy and soft in nature, and are used as a stimulant in herbal medicine (Fang et al., 2010) . In this paper, we isolated a novel strain from magnolia flowers. We have carried out a taxonomic characterization of this strain, and on the basis of the reported data, we proposed it as a new species of the genus Paenibacillus.
Fresh flowers of magnolia (Magnolia salicifolia) were collected from Kyung Hee University in sterile plastic bags. After collection, the flowers were washed with distilled water and then crushed in a 50 ml tube under sterile conditions. After crushing, 0.1-0.3 ml extract was spread on modified MRS agar medium plates. The composition of the MRS medium (g l
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) was: protease peptone (10.0), beef extract (10.0), yeast extract (5.0), glucose (20.0), Tween 80 (1.0), ammonium citrate (2.0), sodium acetate (5.0), MgSO 4 (0.1), MnSO 4 (0.05), K 2 HPO 4 (2.0), CaCO 3 (5.0), cycloheximide (0.05) and sodium azide (0.05); the pH was adjusted to 6.8. The inhibitors sodium azide and cycloheximide were used to prevent the growth of fungi. The agar plates were incubated at 30 8C for one week. Colonies were randomly selected from the plates. Single colonies were purified by transferring them to fresh MRS agar plates. Strain DCY88
T was routinely cultured on trypticase soy agar (TSA, Difco) at 30 8C and was preserved at 280 8C in trypticase soy broth (Difco) supplemented with 25 % (v/v) glycerol.
Cell shape, size and the presence of flagella were observed under a Nikon light microscope (61000 magnification) and transmission electron microscopy (LEO 912AB; Carl Zeiss) at 100 kV under standard operating conditions. Motility was tested on R2A broth supplemented with 0.2 % agar (Weon et al., 2008) . To characterize strain DCY88 T phenotypically, standard tests were performed according to the proposed minimal standards for the description of aerobic and endospore-forming bacteria (Logan et al., 2009) . Gram-staining was analysed using a bioMérieux Gram-staining kit, according to the manufacturer's instructions. Cell growth of strain DCY88
T was monitored at 0, 5, 10, 20, 25, 30, 37 and 40 8C, respectively. Similarly, the growth of strain DCY88
T was tested on different media: R2A (Difco), TSA, potato glucose (Difco), Luria-Bertani medium (Difco), nutrient agar (Difco) and MacConkey agar (Difco) at 30 8C. Initial pH (4-10 at intervals of 1 pH units) was adjusted using the following buffers: citric acid/sodium citrate (pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 7.0-8.0) and Na 2 CO 3 /NaHCO 3 (pH 9.0-10.0) (Gomori, 1955 ). Salt tolerance was tested using trypticase soy broth supplemented with 0.5-6.0 % (at intervals of 0.5 %, w/v) NaCl for 5 days at 30 8C. Oxidase activity was determined using 1 % (w/v) N,N,N,N-tetramethyle-1,4-phenylenediamine reagent (bioMérieux). Catalase activity was determined by the production of bubbles from 3 % (v/v) H 2 O 2 solution. The production of hydrogen sulfide (H 2 S) was evaluated on triple-sugar iron agar. Hydrolysis activity was tested using the following substrates: starch (TSA containing 1 % starch, Difco), casein (TSA containing 2 % skimmed milk, Difco) (Cowan & Steel, 1974) , aesculin (TSA containing aesculin, 0.3 %, Sigma, and ferric citrate, 0.2 %, Fluka), DNase (DNase agar medium, Sharlau), gelatin (a medium containing 12 % gelatin, 0.3 % beef extract and 0.5 % peptone) and Tween 80 (TSA containing 1 % Tween 80 and 0.02 % CaCl 2 ). Indole production was tested using 1 % tryptone broth. Nitrate reduction was tested in nitrate broth with 0.2 % KNO 3 (Skerman, 1967) . Lipid [olive oil (Kouker & Jaeger, 1987) ], xylan and cellulose degrading activity (Ten et al., 2004) were evaluated after 5 days of incubation at 30 8C. The strain DCY88
T was cultured on TSA plates and incubated in a GasPak EZ (BD) for 14 days at 30 8C, to check anaerobic growth. Enzyme production and carbon source utilization were conducted using API ZYM, API ID 32 GN, API 50 CH, API 20 E and API 20 NE test strips (API bioMérieux), according to the manufacturer's instructions. All test strips were incubated at 30 8C and recorded after 24 and 48 h.
Cells of strain DCY88
T were Gram-stain-positive, rodshaped, facultatively anaerobic, motile by means of peritrichous flagella, (Fig. S1 , available in the online Supplementary Material) and pink pigmented on TSA and R2A agar media. Strain DCY88
T produced an ellipsoidal terminal endospore in a swollen sporangium (Fig. S2) . Similarly, strain DCY88
T hydrolysed casein, starch, aesculin, xylan, lipid (olive oil) and gelatin; however, Tween 80, DNA and cellulose were not hydrolysed. The morphological, physiological and biochemical characteristics of strain DCY88
T are given in the species description and Table 1 .
The genomic DNA of strain DCY88 T was isolated using the DNA isolation kit (GeneAll Biotechnology). The bacterial universal primer sets 800R, 1492R, 27F and 518F were used to amplify the 16S rRNA gene sequence (Lane, 1991) . The purified PCR product was sequenced by Genotech by Kim et al. (2005) . Seq-Man software version 4.1 (DNASTAR) was used to compile the nearly complete sequence of strain DCY88 T . The sequence was uploaded to EzTaxon-e server (http:// eztaxon-e.ezbiocloud.net) (Kim et al., 2012) to find the pairwise 16S rRNA gene sequence similarity. The 16S rRNA gene sequences of the closely related strains were collected from GenBank and then aligned using CLUSTAL_X (Thompson et al., 1997) . The distances were calculated using Kimura's two-parameter model (Kimura, 1983) . The phylogenetic tree was reconstructed with neighbour-joining, maximumlikelihood (Saitou & Nei, 1987) and maximum-parsimony methods (Fitch, 1971 ) using MEGA4 (Tamura et al., 2007) . To obtain the confidence level for the branches (Felsenstein, 1985) , bootstrap analysis was conducted with 1000 replications. In this study, the 16S rRNA gene sequence of the strain DCY88
T showed a continuous stretch of 1444 bp.
The sequence similarity calculation showed that the closest relative strain of DCY88 T was Paenibacillus hordei RH-N24 T (97.8 %). Lower sequence similarities were found with Paenibacillus illinoisensis NRRL NRS-1356 T (94.3 %), Paenibacillus hunanensis DSM 22170 T (94.2 %), Paenibacillus peoriae DSM 8320 T (93.9 %), Paenibacillus kribbensis Am49 T (93.8 %) and the type species Paenibacillus polymyxa ATCC 842 T (93.3 %). The phylogenetic tree (Fig. 1) based on the neighbour-joining algorithm showed that strain DCY88 T clustered within the genus Paenibacillus and joined P. hordei RH-N24 T . The tree topologies obtained using the other two algorithms were similar to that obtained when the neighbour-joining algorithm was used (Fig. 1) . Based on the EzTaxon-e server results of 16S rRNA gene sequence similarity, the strain DCY88
T did not show close similarity with the type species P. polymyxa ATCC 842 T (93.3 %) or the other members of genus Paenibacillus.
However, phylogenetic tree reconstruction indicated that the strain DCY88
T held a distinct position in the tree with P. hordei RH-N24 T , which was used as a reference for comparison with the isolated strain.
The DNA G+C content was determined by the method of Mesbah et al. (1989) after the degradation of DNA to nucleosides by nuclease P1 and alkaline phosphatase. Then the subsequent separation of the nucleosides was measured using a reverse-phase HPLC column YMCTriart C18 (4.66250 mm65 mm).
By using the fluorometric microplate method (Ezaki et al., 1989) , the DNA-DNA hybridization experiment was carried out in triplicate. The DNA-DNA hybridization between strain DCY88 T and P. hordei KACC 15511 T was 48¡2 %; this hybridization value is below the 70 % threshold proposed for species delineation (Wayne et al., 1987) , and shows that the strain DCY88
T represents a distinct genomic species of the genus Paenibacillus. The DNA G+C content of strain DCY88
T was 51.6 mol%, which is similar to that P. hordei (Kim et al., 2013) . Polar lipids were extracted from 50 mg of freeze-dried cells, examined by two-dimensional TLC and identified as described by Minnikin et al. (1984) . Following the method of Collins (1985) , the isoprenoid quinone was extracted from 100 mg of freeze-dried cells with chloroform/methanol (2 : 1 v/v). The crude quinone in n-hexane solution was purified using Sep-Pak Vac Cartridges Silica and subsequently analysed by HPLC (model, NS-6000A Futecs) with reverse-phase column YMC-Triater C18 (4.66250 mm65 mm). Peptidoglycan analysis of strain DCY88 T and P. hordei KACC 15511 T was performed as described by Schleifer & Kandler (1972) , using TLC (TLC cellulose Merck KGaA 20620 cm).
For fatty acid analysis, the cell mass of strain DCY88
T and the reference type strain were grown on TSA (Difco, pH 7.0) agar at 28 8C for 24 h. The cellular fatty acids were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI). The fatty acid methyl esters were then analysed by gas chromatography (model 6890; Hewlett Packard) using the Microbial Identification software package (Sasser, 1990) . The polyamines for the strain DCY88
T were analysed using the methods of Taibi et al. (2000) and Busse & Auling (1988) . Freeze-dried cells (50 mg) of strain DCY88
T and polyamine standards (spermidine, spermine and putrescine) were dissolved in 1 ml of 0.2 M HClO 4 solution with 10 ml 1,8 diaminoctane in separate glass tubes. The extracted polyamines were analysed by HPLC using a reversed-phase column Eclipse C18 column (120650 mm62.7 mm) with 60 % methanol as solvent and wavelength 234 nm.
The main detected polar lipids in strain DCY88
T were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unknown polar lipid; the minor polar lipids were a glycolipid, two unidentified aminolipids and three unknown polar lipids (Fig. S3) . Compared with 
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Paenibacillus kyungheensis sp. nov.
P. hordei KACC 15511 T , strain DCY88 T did not show the unknown polar lipids and unknown amino lipids. The only predominant isoprenoid quinone of strain DCY88 T was MK-7. The peptidoglycan of strain DCY88
T contained the amino acid meso-diaminopimelic acid. The cellular fatty acid profile of strain DCY88
T and the reference strain are shown in supplementary Table S1 . The major fatty acids of strain DCY88
T were anteiso-C 15 : 0 (61.0 %) and C 16 : 0 (11.0 %); smaller amounts of anteiso-C 17 : 0 (5.1 %), iso-C 16 : 0 (5.0 %), iso-C 15 : 0 (4.3 %) and iso-C 14 : 0 (3.9 %) were also found. The polyamines of strain DCY88
T were spermidine and spermine. The major polyamines of the isolate were similar to those of the other species of genus Paenibacillus analysed by Kämpfer et al. (2012) and Sukweenadhi et al. (2014) .
Therefore, on the basis of the data presented, we consider that the strain DCY88
T represents a novel species of the genus Paenibacillus for which the name Paenibacillus kyungheensis sp. nov. is proposed.
Description of Paenibacillus kyungheensis sp. nov.
Paenibacillus kyungheensis (kyung.he.en9sis. N.L. masc. gen. n. Kyungheensis of Kyung Hee University Republic of Korea, where the first strain was isolated from flowers).
Cells are Gram-staining-positive, catalase-positive, oxidasenegative, facultatively anaerobic rod-shaped (width, 0.5-1.2 mm; length, 2-2.8 mm) and motile by mean of peritrichous flagella. The ellipsoidal terminal endospores are formed in swollen sporangia. Colonies are pink pigmented, forming as slightly irregular circles on TSA or R2A agar plates. Growth occurs at 5-37 uC (optimum, 30 uC), pH 4-9 (optimum, pH 6-7) and 0.5-5.5% NaCl (optimum, 1-1.5% NaCl). Nitrate is not reduced to nitrite. Acid production from D-glucose, sucrose and lactose are positive. H 2 S gas is not produced. Indole production is negative. acid, L-serine, propionic acid, capric acid, valeric acid, L-histidine, 4-hydroxybenzoic acid, L-proline, alkaline phosphatase, lipase, leucine arylamidase, valine arylamidase, cysteine, arylamidase, arginine dihydrolase, N-acetyl-bglucosaminidase, b-galactosidase, trypsin, a-chymotrypsin, a-galactosidase, b-glucuronidase, a-glucosidase, a-mannosidase, a-fucosidase, potassium nitrate, adipic acid, malic acid and phenyl acetic acid. The only menaquinone is MK-7. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified polar lipid. The major cellular fatty acids are anteiso-C 15:0 and C 16:0 . The cell wall peptidoglycan diagnostic amino acid is meso-diaminopimelic acid.
The type strain is DCY88 T (5JCM19886 T 5KCTC 33429 T ) isolated from fresh magnolia flowers, in the Republic of Korea. The polyamines are spermidine and spermine. The DNA G+C content of the type strain is 51.6 mol%.
